ILLUSTRATIONS
Water year in U.S. Geological Survey reports refers to the 12-month period beginning on October 1 and ending on September 30. The water year is designated by the calendar year in which it ends. Thus, the year ending September 30, 1990 , is called the "1990 water year."
INTRODUCTION

Index Map
Figure 1. Location of major tributaries to Green Bay, Lake Michigan, and sampling sites used in this study. doors in inclement weather and under other adverse conditions. Gerald Goddard and Halward (Nick) Hanson were the lead hydrologic technicians for this effort. They were assisted by Dave Hausner, Dan Olson, Joe Habale, Jim George, Jeff Hanig, Ken Koenig, Steve March, and Tom Wittwer.
METHODS OF INVESTIGATION
Collection of Water Samples
Frequent water samples were collected monthly or weekly at each tributary site ( fig. 1 ) for analysis of dissolved and particulate concentrations of RGB's. Water samples were collected from the channel cross section using an equal-discharge centroid sampling scheme (Guy and Norman, 1970) . Unlike most previous sampling efforts, the RGB's were filtered and extracted from the water samples onsite. The onsite filtration and extraction were done to minimize the change in partitioning between the dissolved and particulate fractions of RGB's that might occur in the time it took to transport the samples to the University of Wisconsin laboratory in Superior. A Hydrolab Surveyor-11 1 was used to make onsite measurements of water temperature, specific conductance, pH, and dissolved oxygen. Samples also were analyzed for total and dissolved organic carbon, inorganic constituent concentrations (including nutrients), and suspended solids by the Wisconsin State Laboratory of Hygiene in Madison, Wis. The onsite measurement data along with the results of the organic carbon and inorganic constituent analysis for the 1990 water year have been published in the USGS annual report series "Water Resources Data -Wisconsin" (Holmstrom and others, 1991) .
Equipment Used to Collect Samples for Analysis of Polychlorinated Biphenyls
The USGS had two boats specifically equipped for sampling the water in the channel cross sections. Each boat was equipped with a 1400-watt, ac-dc generator, depth sounder, powered downrigger, and a set of pumps and samplefiltration equipment. The specifications for the pumps and filtration equipment were coordinated with the USEPA-GLNPO. An ac-powered submersible pump, which was lowered by the downrigger to the desired depth, provided a flow rate adequate to maintain both organic and inorganic particulates in suspension within the sampling system. A diagram of the system for sample collection and filtration is shown in figure 2.
A single-head, variable-speed, Masterflex peristaltic pump was connected between the Tee fitting in the submersible-pump line and a stainlesssteel multiple-plate filter holder. These multipleplate units can hold as many as five 293-mm diameter, 0.7-micron pore size, glass-fiber filters, with flow distributed proportionally to each filter. Excess flow from the submersible pump line was discharged overboard from the Tee fitting in the submersible-pump line. The flow through the multiple-plate filter holder was monitored by a pressure gage installed in the sample line ( fig. 2 ). Filters were replaced when the back pressure from the multiple-plate filter holder exceeded 35 kilopascals. A pulse-suppression system was used to dampen the flow pulses induced by the peristaltic pump and the filter-unit back pressure.
Excess water was evacuated from the multipleplate filter holder before it was opened to remove the filters. This was necessary to prevent loss of particulate matter that otherwise might wash off of the saturated filter media. The evacuation was accomplished by raising and draining the submersible-pump line and then running the peristaltic pump until no more flow exited the system. The filter unit was tilted outward to enhance gravity drainage during this process. The glass-fiber filters were removed from the holder and retained for analysis of particulate PCB's. The filters were carefully sealed in aluminum foil to prevent contamination. The filtered sample water was collected in a 19-liter glass carboy for later extraction of dissolved PCB's.
In winter, the water samples were composited into insulated 19-liter stainless-steel canisters. The canisters were transported to a heated van before sample filtration and extraction to prevent freezing. The same filtration equipment used in the boat during summer was used inside the heated van in winter to filter the water samples.
The initial sample-analysis results showed that accumulation of PCB's in the sample-collection hoses was a potential problem. The water samples Use of brand names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. from tributary sites with small concentrations of RGB's could be contaminated with RGB's accumulation in the hoses from tributary sites with large concentration (notably the Fox River). This problem was avoided by using a different set of pump hoses and fittings for each site.
Procedure for Sample Collection
The following procedure was used to collect water samples and to measure onsite water properties:
1. Depths across a section of the river channel were measured at each of the tributary sampling sites at the beginning of the study. These data were used to divide the cross section into three approximately equal flow cells. The vertical centroid of these cells was identified on a map. Personnel used the delineated map location to approximately position themselves at each tributary site to sample the water in the cross section. A small two-person hovercraft was used to collect water samples during winter when use of a boat was impossible or unsafe.
2. At each of the cell centroids, water samples and onsite water properties were obtained at 0.2 and 0.8 times the total depth of water. It typically took about 1 hour in the boat for experienced personnel to collect and process a water sample from the six sampling points in a channel cross section. Additional time was spent launching and landing the boat or hovercraft used to collect the water samples along with time spent onsite extracting and processing samples. At the Fox River mouth site, samples were collected during both upstream and downstream flow conditions. Flow-direction data from a nearby streamflowgaging station was used to determine the flow condition during the sampling period.
3. Water samples from each of the six crosssection sampling points (three flow-cell centroids, 0.2 and 0.8 depths) were composited into a single sample to reduce extraction time and analytical costs. Therefore, 1/6 of the total volume required for sample analyses was collected at each of the sampling points.
4. Secchi-disk measurements of water clarity were made at the three flow-cell centroid locations for each cross section. Water for the inorganic analysis samples was collected from the end of the excess-discharge hose extending overboard from the Tee fitting ( fig. 2 ).
5. Preprinted adhesive labels were affixed to each sample container, which then were delivered to the analytical laboratory. Log-in forms were completed and submitted with the sample containers. The USGS coordinated the development of a sample log-in form with the USEPA and the recipient laboratories.
Onsite Extraction of Dissolved Polychlorinated Biphenyls
Extraction of dissolved PCB's was done onshore. During winter, the sample filtration and extraction were done in a heated van. A diagram of the extraction system is shown in figure 3 . The filtered water sample was contained in either a glass carboy or an insulated stainless-steel canister. Teflon tubing and stainless-steel fittings were used to connect the XAD resin column to an a/c-powered peristaltic pump (identical to that used in the filtration system). The average flow rate through the system was kept to less than 1 liter per minute. The flow rate was monitored with a floatingball flowmeter installed in the discharge line and was verified by periodic measurements with a graduated cylinder. Care was taken to prevent air bubbles from entering the XAD column. The XAD column was sealed with Teflon caps after the sample container was empty and air bubbles started to enter the intake line. The sealed XAD columns were wrapped in aluminum foil, bubblepack, and enclosed in a fitted cardboard box within a cooler for shipment to the laboratory.
Quality Assurance
The USGS followed the quality-assurance procedures identified in a separate document, "Quality Assurance Plan for Green Bay Mass Balance Study," dated July 5, 1988, and subsequent revisions. A copy of this plan is on file with the USGS in Madison, Wis. The plan was prepared in consultation with the USEPA-GLNPO. Quality assurance of onsite field methods was in the form of sample blanks or replicate samples prepared or collected onsite. The multiple-plate filter holder was used to collect sequential duplicate samples. The cost and weight of the multiple-plate filter holders did not allow the use of two units on- board the boat to provide for simultaneous duplicate sampling.
The 293 mm glass fiber filters and XAD resin columns used by the USGS to filter and extract RGB's were prepared and inspected by the Wisconsin State Laboratory of Hygiene (WSLH) organics analysis section in Madison, Wis. The WSLH developed quality-assurance methods for this work in cooperation with the USEPA-GLNPO. These methods were beyond the scope of USGS involvement in this study.
Calculation of Total Polychlorinated Biphenyls Loads Entering Green Bay
Loads of total PCB's entering Green Bay from each tributary were calculated by use of the totalintegration method. This method involves estimating the average total PCB's concentration for each day by use of linear interpolation between sample-concentration values. The estimated daily total PCB's concentration is multiplied by the average streamflow (from the nearest gaging station on that river) for that day to obtain a load of total PCB's in grams per day using the equation:
where LPCB is load of total PCB's, in grams per day, CPCB is average daily concentration of total PCB's, in nanograms per liter, QCFS is average daily discharge, in cubic feet per second, and 0.00245 is a conversion factor to obtain total PCB's load in grams per day.
The total-integration method is best suited for computing loads where there is only a gradual change in concentration values between sequential samples or where frequent sampling provides a well-defined time series of concentrations.
Loads of total PCB's for the Fox River sampling site at the mouth were computed using net daily discharge in equation 1. The acoustical velocity meter (AVM) stream-gaging system in operation at this site was used to determine the net discharge or backwater flow for each day.
Loads of total PCB's were calculated for the period of October 1988-September 1990. For the purpose of computing loads, concentrations of PCB's for months where no samples were collected were assumed to be equal to the average concentrations of PCB's at that site for that month during the sampling period. Therefore, loads of PCB's for the period October 1988 -March 1989 , and May 1990 -September 1990 , should be considered estimated, at best.
CONCENTRATIONS OF POLYCHLORINATED BIPHENYLS IN MAJOR TRIBUTARIES
Concentrations of the dissolved and particulate fractions of polychlorinated biphenyls were operationally defined by use of a 0.7-micrometer (micron) glass-fiber filter. Analysis of PCB's concentration was congener specific. Total PCB's concentration was calculated as the sum of the dissolved and particulate homolog concentrations. The methods of analysis used to determine the concentrations of PCB's were similar to those described by House (in press).
Graphs of total PCB's concentrations are shown in figures 4-9 for each tributary sampling site. A complete listing of dissolved, particulate, and total concentrations of PCB's for each site and sample date are presented in table 1. The maximum and minimum values for the concentration of total PCB's given in table 1 and shown in figures 4-9 reflect the most probable range of analytical accuracy for the laboratory methods used. The maximum PCB's concentration values were determined by using the value of the detection limit for congeners below the detection limit, and the minimum values were determined by using a zero value for congeners below the detection limit. Concentrations of total PCB's were calculated as the summation of all congeners (or homolog series).
LOADS OFTOTAL POLYCHLORINATED BIPHENYLS ENTERING GREEN BAY
Loads of total PCB's entering Green Bay from the major tributaries were calculated by the totalintegration methods described in section on "Methods of Investigation." Loads of total PCB's were computed using the maximum concentration of total PCB's for each sample date. 
